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Fermi Theory of Beta Decay  
§ Four-fermion interaction explained beta decay before  
   electroweak theory was proposed 
xNew operators in effective low-energy theories 

§ Electroweak theory adds 3 vector bosons 
xW and Z bosons directly detected later at CERN 

~g2/ȿ2 

ȿåmWå80 GeV, mZå90 GeV 
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LHC 

LANSCE 
UCN 

What You See/How You Look  

LSM + LBSM 

LSM + 
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Neutron Beta Decay  

xWithin the Standard Model, a and A are O(10ī1), B0 is O(1), 

b and B1 are O(10ī3) 
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§ Experiments measure the total neutron decay rate 



§ Theoretically, b and B1 are related to new interactions: 
 the scalar and tensor 

BSM Interactions  

xŮS and ŮT are related to the masses of the new TeV-scale particles 

xé but the unknown coupling constants gS,T are needed  

x These are nonperturbative functions of the neutron structure, 

 described by quantum chromodynamics (QCD) 
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b = fb (ŮS,T gS,T)  
B1 = fB (ŮS,T gS,T)  

UCNs by 2013  
Precision LQCD input 

(m Ғ̄мпл aŜ±Σ aŸ0) 

Physics Program  
§ Given precision gS,T and b, B1, 

 we can predict possible new particles  

gS,T = 1 
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ŮS and ŮT  
xGive the scale of particles 

 mediating new forces 



Current Constraints  

x Nuclear beta decays 

Á0+ º  0+ transitions 

Áɓ asym in Gamow-Teller 60Co 

Ápolarization ratio between 

Fermi and GT in 114In 

Ápositron polarization in 

polarized 107In 

Áɓ-ɜ correlation parameter a 
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OBSM = fO(ŮS,T gS,T)  

ŮS,TÖɽS,T ŮS,TÖɽ
ī2 

§ Given precision gS,T and OBSM, predict new-physics scales 
Nuclear Exp. 

Model input 
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Reach of UCN Experiments  
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LANL UCN neutron decay expôt 

Expect by 2013: 

  |B1īb|BSM < 10ī3 

  |b|BSM < 10ī3 

Similar proposal at ORNL by 2015  

OBSM = fO(ŮS,T gS,T)  Model input 

ŮS,TÖɽS,T ŮS,TÖɽ
ī2 

§ Given precision gS,T and OBSM, predict new-physics scales 
New UCN Exp. 
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Crucial Role of Theory  
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LANL UCN neutron decay expôt 

Expect by 2013: 

  |B1īb|BSM < 10ī3 

  |b|BSM < 10ī3 

Similar proposal at ORNL by 2015  

OBSM = fO(ŮS,T gS,T)  

ŮS,TÖɽS,T ŮS,TÖɽ
ī2 

§ Given precision gS,T and OBSM, predict new-physics scales 
Precision LQCD input 
(m  ̄Ÿ 140 MeV, aŸ0) 

New UCN Exp. 
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High -Energy Constraints  

§ Constraints from high-energy experiments? 
 LHC current bounds and near-term expectation 

ŮS,TÖɽS,T ŮS,TÖɽ
ī2 

Estimated though effective L 

 

 

 
Looking at high transverse mass 

 in eɜ+X channel 

Compare with W background 

Estimated 90% C.L. constraints on 
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HWL, 1112.2435; 1109.2542  
T. Bhattacharya et al, 1110.6448  
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§ Lattice uncertainties: 
xStatistical noise 

xUnphysical scales a, L 

xExtrapolation to M  ́

                                

§ Computational costs 
xScaling: aī(5ï6), L5, Mˊ

ī(2ï4) 

§ Most major 2+1-flavor gauge ensembles: M  ̄< 200 MeV 
xNow including physical pion-mass ensembles 

§ Charm dynamics: 2+1+1-flavor gauge ensembles 
xMILC (HISQ), ETMC (TMW) 

§ Pion-mass extrapolation M  ̄O  (M )̄phys 

   (Bonus products: low-energy constants) 

Lattice QCD Progress  
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gluon field 

quark field 
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The Trouble with Nucleons  
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§ Difficulties in Euclidean space 
§ Exponentially worse signal-to-noise ratios 
xConsider a baryon correlator C= ĂOĒ=Ăqqq(t) qĖ qĖ qĖ(0)Ē 
xVariance (noise squared) of C  ́ĂOÀOĒīĂOĒ2 

 

 
What you want: What you get: 
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The Trouble with Nucleons  
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§ Difficulties in Euclidean space 
§ Exponentially worse signal-to-noise ratios 
xConsider a baryon correlator C= ĂOĒ=Ăqqq(t) qĖ qĖ qĖ(0)Ē 
xVariance (noise squared) of C  ́ĂOÀOĒīĂOĒ2 

 

 
xSignal falls exponentially as eīmNt 

xNoise falls as eī(3/2)m t́  

xProblem worsens with: 

 increasing baryon number 

 decreasing quark (pion) mass 

What you want: What you get: 
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